Background. Little representative information exists on the frequency of human immunodeficiency virus (HIV)-related diseases among the overall AIDS population. The objective of this research is to assess the nature, frequency and characteristics of these diseases among AIDS patients during their last year of life and to analyse these frequencies according to the mode of transmission and other socio-demographk: and medical characteristics. Methods. To obtain comprehensive data, we conducted an investigation based on retrospective collection of clinical information on a representative sample (1203 deaths) of all AIDS deaths that occurred in France during 1992.
Little representative information exists on the general frequency of AIDS-related conditions among the AIDS population overall and on their distribution according to the patient's characteristics. Previous analyses carried out on a representative scale were based on the initial AIDS defining diseases. 1 immunological function. 6 ' 7 These studies did not aim to provide representative data on AIDS patients overall.
Longitudinal cohort studies have provided information on specific HIV populations (e.g. homosexuals, transfusion recipients ...) and often involve closely followed populations. Cross-sectional data on HIV patients concern exclusively people receiving medical care at selected health departments. Finally, some studies have been based on multiple causes analyses of the medical information entered on the death certificates. 8 -9 However a large proportion of certificates only mentioned AIDS or HIV with limited additional medical information.
To study comprehensively the medical characteristics of the AIDS patients, we conducted an analysis based on a representative sample of all AIDS deaths that occurred in France over one year (1992) . For each death, clinical information over the last year of life of the patient was traced retrospectively. The one-year baseline was chosen because of the necessity of deciding on a given duration of observation for all the cases and in order to choose a period over which sufficiently reliable information could be obtained. One year is close to the median survival between AIDS diagnosis and death and it is also a period during which the need for health care is particularly important.
METHODS

Representative Sample of AIDS Deaths
In France, all death certificates are returned to a single office (INSERM-SC8) for medical coding. From this source, we first selected all the certificates for deaths that occurred between 1 January 1992 and 31 December 1992 which mentioned AIDS or HIV as a cause of death (4069 deaths). Violent deaths (suicide, overdose ...) were excluded because, for medico-legal reasons, it was difficult to obtain reliable additional medical information for a number of cases (this represented 2% of deaths with a mention of HIV). We then randomly selected a representative sample of all deaths. The sample rate was not uniform because we wanted to obtain a sufficient number of subjects for specific subgroups (e.g. females). We retained all the deaths under age 25 and, for the population aged &25, we randomly selected one out of two deaths for females and one out of three deaths for males. This selection was undertaken on the basis of an independent variable: the day of birth. For example, to obtain the sample of females 3=25 years those born between the 2nd and the 16th day of the month inclusive were selected. Thus, we sampled a total of 1486 deaths.
Survey of Certifying Physicians
For each death sampled, we contacted the certifying physician. In France, the death certificate is anonymous and we had to provide the physician with a number of socio-demographic indicators (sex, age, date and place of death, residence of the decedent). This is a procedure used routinely by our service to obtain additional information and physicians can easily identify the patient using such indirect information. If there were other main treating physicians, we asked the certifying physician to indicate them. Medical information was obtained from the medical records, which are always fully completed for AIDS patients. The information was reported in a questionnaire filled in by the treating physician himself or, for some large hospital services in which many cases had to be surveyed, by a medical investigator from our research team (28% of the questionnaires were completed in this way). We never tried to obtain information from people other than a physician. An ethical agreement from the French 'Commission Informatique et Libert^' was obtained for all this research protocol.
Data Collected
The questionnaire included three parts: conditions at death (nature and location) history of AIDS (mode of transmission, CD4-count levels, date of diagnosis) and medical follow-up during the 12-month period preceding death (type of physicians and services, frequency, medical causes and duration of hospital stays). The clinical diagnoses were collected as they were stated in the medical records. We also collected information on general symptoms when the aetiology was not precisely determined (e.g. cachexia, diarrhoea, anaemia ...) but when they appeared as determinant in the terminal condition of the patient.
Analytical and Statistical Methods
The frequencies of the various diseases were analysed according to sex, age and mode of transmission. As regards the mode of transmission and in order to provide a reliable estimate of the related conditions on a sufficient number of cases, we only undertook comparisons for the two main exposure groups, homo-bisexual and intravenous drug users (IVDU). Chi-squared and Fischer exact tests were used to compare proportions and Student tests to compare means. P-values inferior to 0.05 were considered as statistically significant. Estimations were corrected according to the different sample rates.
Stepwise logistic regression models were used to adjust for the effect of confounding variables. In each multivariate analysis, the dependent variable to be explained was the occurrence of a specific disease. In a first set of analyses, we selected males and entered, as one of the independent variables, the mode of transmission in two classes (homo-bisexual versus IVDU males). This was mainly aimed at determining the specific role of the risk group (after controlling for the other variables). In a second set of analyses, we selected IVDU and entered sex as one of the independent variables (IVDU males versus IVDU females). This was done to determine the specific role of sex in the occurrence of each disease. The other independent variables entered in the models were age (<35 years versus 3=35 years), CD4 counts at death (<50 mm 3 /l versus 3=50), survival between AIDS and death (<1 year versus >1 year). These variables were dichotomized in order to compute adjusted odds ratio (AOR). We did not introduce at the same time the gender and the risk group in the model because these variables were extremely dependent. SAS and BMDP softwares were used for the statistical analysis.
RESULTS
Information Obtained
For 7% (98 cases) of the total sample (1486 cases), the patients could not be identified (for 1%, the treating physician has not been identified and for 6%, the patients were not known by the certifying physician). For 12% of the sample (185 cases), the patients were identified but without sufficient reliable medical information available (most of these patients died outside a hospital and the medical records were difficult to find). Complete data were obtained for 1203 subjects (81% of the initial sample and 87% of the 1388 cases identified).
On the basis of the information entered on each death certificate, we compared the characteristics of the patients for whom the questionnaire was obtained to the patients for whom it was not obtained. No difference was found by sex, age, residence, nationality, marital status and social categories. The only statistically significant difference concerned the place of death. The response rate was higher when the death occurred in a hospital. This was due to the fact that the cases were generally more easily documented in this context.
Characteristics of the AIDS Patients
Almost half of the patients were homosexual or bisexual men, a quarter IVDU, 6% blood transfusion recipients and 1% haemophiliacs. The IVDU represented 22% of the males and 46% of the females. The mean age at death was 38 years (Table 1) and it was significantly lower for IVDU (males or females). The mean survival time between AIDS diagnosis and death was 1.4 years (no significant variation by mode of transmission and by sex). The CD4 counts did not differ by sex, but were lower for homosexual men compared to the other groups. Of the deceased, 5% had no medical follow-up visits over the last year of life. This proportion was maximum for female injection drug users (10%) and minimum for the other categories of females (2%).
Frequency of AIDS-related Diseases
The most frequently reported diseases in AIDS patients were, by decreasing order (Table 2) , toxoplasmosis, cytomegalovirus infections (CMV), pneumocystosis (PCP), Kaposi's sarcoma (KS), HIV encephalopathy, invasive candidiasis, herpes simplex virus and nontuberculous mycobacterial infection. Tuberculosis and non-Hodgkin's lymphoma occurred in one out of 10 patients. For other general diseases, cachexia was reported in 38% of our sample. Only 15 patients (2% of the patients) were affected by neoplasms other than KS and lymphoma.
Few conditions varied by sex and age (Table 2) . Only four conditions were significantly associated with sex. Kaposi's sarcoma and, to a lesser extent, cryptosporidiosis and syphilis occurred more frequently among males. Among females HIV encephalopathy was more frequent. For males, the major conditions were CMV and toxoplasmosis and, for females, toxoplasmosis, HIV encephalopathy and CMV. The only events that differed significantly by age were KS and syphilis, which were more frequent after 35 years. The weak association found by sex was confirmed by the comparison between male IVDU and female IVDU (Table 3) : no relation was observed except for KS, cryptococcosis (increased for males) and diarrhoea (increased for females). In contrast, the frequency of numerous diseases varied markedly according to the risk groups (Table 3) . Homosexual men were significantly more likely to have KS, CMV, herpes simplex and syphilis, cryptosporidiosis, PCP and diarrhoea than IVDU men. We studied, for each patient, the joint occurrence of different diseases and found, among homosexuals, a marked relation concerning KS and CMV. However, IVDU men were significantly more likely to have HIV encephalopathy, mental disorders, progressive multifocal leukoencephalopathy (PML), hepatitis, invasive candidiasis and cachexia.
Two AIDS-related conditions were especially frequent among homosexuals: KS (49%) and CMV (45%). For IVDU, the major conditions were HIV encephalopathy (37% for male and 40% for female) and toxoplasmosis (33% and 39%).
The major causes of hospital admission, over the last month preceding death, were cachexia (18%), toxoplasmosis (8%) and CMV (8%). These causes did not differ markedly by risk groups, except for KS (increased for homosexuals) and HIV encephalopathy (increased for IVDU, especially female). Table 4 gives the results of the logistic regressions aimed at explaining the differences in disease frequency between homosexuals and IVDU males. After control by other variables (age at death, CD4 counts at death, survival since AIDS diagnosis), homosexuality remained a significant explaining factor for KS (AOR: 15.4), herpes simplex (2.6), CMV (2.5) and cryptosporidiosis (3.6). In contrast, encephalopathy (2.6), hepatitis (2.9), mental disorders (2.2), invasive candidiasis (2.0) and cachexia (1.7) were more frequent for IVDU males.
Multivariate Analysis
A long survival time was a significant factor in the occurrence of many diseases. In particular, it constituted the first 'explicative' factor for CMV, invasive candidiasis, cachexia, mycobacteriosis and diarrhoea. In contrast, two conditions (lymphoma and cryptosporidiosis) were associated with a shorter survival time. The CD4 counts were closely related to the survival time and rarely stood out alone as a significantly explicative factor. Age never appeared as an independent explicative factor. After control, no factor was significantly related to the occurrence of PCP, toxoplasmosis, tuberculosis, cryptococcosis and herpes zoster. The second set of logistic regression analyses were undertaken solely on IVDU males and females. There were no differences, except for KS and cryptococcosis, which were more frequent among males, and diarrhoea, which was more frequent among females.
DISCUSSION
Representativeness of the Sample
To our knowledge, this study constitutes the first clinical investigation undertaken,.on a representative basis, of all the patients dying from AIDS in a country. The representativeness of the data collected could have been altered for two reasons.
First, the basis of the investigation was death certification and previous studies have highlighted an underreporting of HIV-AIDS in death certificates.
10 -" In France, the analysis of mortality trends for AIDS indicator diseases (without mention of HIV), does not underline a large underreporting and this may be explained by the strict confidentiality of the causes of death.
12 Furthermore, in the context of the present work, we surveyed an additional random sample of death certificates without mention of HIV or AIDS but reporting another disease which could be a possible indicator of AIDS (this included various conditions: e.g. suicides). The purpose was to determine to what extent some of these deaths were not in fact AIDS-related deaths. We ended this investigation early because very few certificates, less than 3%, supported this hypothesis.
The second reason for possible loss of representativeness was the proportion of cases for which we did not obtain sufficient information. However, we showed that these cases did not differ from the others according to a number of socio-demographic characteristics.
Another confirmation of the representativeness of the sample was that the distribution of the modes of transmission was very close to the one obtained from French AIDS surveillance registers.
Data Collected
The data collected were based on clinical information entered in the medical records. AIDS patient hospital records were extremely well filled in. For patients followed outside of a hospital setting, the information collected could have been less complete and this could have biased the comparison of disease frequency by risk groups. However, we considered as non-respondents cases not sufficiently documented. We also carried out intermediate analyses based solely on patients hospitalized or on cases reviewed by our medical investigators and the results were unchanged. Medical data collected were diagnosed diseases. Previous post-mortem autopsy studies 13 ' 14 have indicated that if diseases such as KS, PCP and toxoplasmosis are often known prior to death, some other types of conditions may remain undiagnosed during life (in particular CMV, HIV specific brain lesions, mycobacteriosis, lymphoma).
Frequencies of the AIDS-related Diseases
A number of studies have recently pointed to a marked decrease in toxoplasmosis and PCP, explained by the beneficial effects of primary prophylaxis. 5 ' 15 ' 16 A major finding in our study is that these two diseases remain extremely frequent among AIDS patients.
Prophylaxis against opportunistic infections and antiretroviral therapy have been shown to be effective by delaying the first AIDS illness and by increasing the incubation and survival time. 17 ' 18 Furthermore, the observation of a marked decrease in CD4 at AIDS diagnosis suggests that patients now tend to be more immunocompromised than in the past at the time of diagnosis. 19 These changes have contributed to altering the spectrum of AIDS-related conditions and the natural history of the infection. Some previously rare diseases are more frequent. Our study has stressed the importance of diseases such as CMV, encephalopathy, mycobacteriosis, tuberculosis, and lymphoma, which are substantially underestimated in the AIDS surveillance registers. Cytomegalovirus is a rare AIDS defining event but our investigation showed that this disease stands out, with toxoplasmosis, as one of the most frequent AIDS-related conditions and HIV encephalopathy concerned more than one patient out of four. Recent studies have emphasized the frequency of mental disorders and progressive dementia in the course of AIDS. 20 Atypical mycobacteriosis is increasingly frequent and found mainly in profoundly immunocompromised AIDS patients. 21 The prevalence of tuberculosis (one patient out of 10) is also currently increasing, in particular among HIV patients in poor condition. Our data showed that KS was, by far, the most frequent tumour (first disease among homosexuals), and that lymphomas were not rare and affected one out of 10 patients. Men who presented with these tumours exhibited the worst survival and this result supports previous findings. 22 Recent studies have discussed the hypothesis of an association between HIV and the occurrence of other types of cancer such as cervical neoplasia, Hodgkin's disease, and anal, nasal cavity and rare non-melanoma skin cancers. 23 ' 24 In our study, we found very few types of cancer other than KS and lymphoma. Cachexia stood out as a very frequent condition and represented the first cause of hospitalization in the terminal phase of the disease.
AIDS-related Diseases According to the Patients' Characteristics
Few significant differences were observed by sex after controlling for the other variables (except KS and cryptococcosis). This confirms the results of previous studies. 2125 In contrast, the frequencies of numerous conditions differed substantially by risk groups, e.g. KS and CMV were markedly increased among homosexuals. We found a pronounced association between the occurrence of these two diseases. These results are coherent with the hypothesis that the disease is caused by a combination of immunosuppression and a sexually transmissible infectious agent (such as CMV), more efficiently transmitted by males than by females. 25 We also found a higher frequency of herpes simplex virus among homosexuals. The possible role of this virus in the development of AIDS and HIV-associated conditions has been discussed. 27 We found a higher frequency for HIV encephalopathy and mental disorders among IVDU males than among homosexual males. Previous studies have also stressed these associations. 7 ' 19 The high prevalence of cachexia among IVDU was paralleled in our data with comparatively high CD4 lymphocyte counts in IVDU. The association of these two events may be explained by the rapid degradation of the general health state of the IVDU independently of their immunodeficiency level (high CD4 count). The higher frequency of invasive candidiasis among IVDU was recently reported 28 and can be explained by differences in the use of prophylactic anti-fungal agents and in nutrition habits.
For PCP, we found an increased frequency for homosexuals but this association disappeared after controlling for other variables. Other studies discussed a variation in PCP by risk groups but the direction is not clear. 15 - 19 Some authors have also reported a higher frequency of lymphoma among homosexuals 7 ' 22 and a higher frequency of mycobacteriosis and tuberculosis among IVDU. 6 '' 9 The latter associations were not found in our investigation.
Various factors may explain the differences found by risk groups. Differences in infectious agent exposure may explain the increases in KS, CMV, herpes simplex and cryptosporidiosis among homosexuals (sexual activity) and the increase in hepatitis among IVDU (needle sharing). Poor general health status and lack of use of medical care may explain the high frequency of cachexia among IVDU due to inadequate nutrition. The direct influence of intravenous drug administration over the course of HIV may increase the frequency of encephalopathy and mental disorders among IVDU.
These data on the nature, frequency and medical characteristics of AIDS-related conditions may contribute to achieving progress in the knowledge of the natural history of the disease and in prevention and therapeutic strategies.
